This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES . 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



* BLACK BORDERS 

♦ TEXT CUT OFF AT TOP. BOTTOM OR SIDES 

• FADED TEXT 
ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

♦ COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

♦ GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do no! report the images to the 
Image Problem Mailbox-, 



STlC-ILL 



From: Kaushal, Sumesh 

Sent: Monday, August 09, 1 999 4:23 PM 

To: STIC-ILL 

Subject: ref-request #091 73821 



Dear Sir/Madam: Please send a copy of following articles to :- 



Sumesh Kaushal CM1-12E03 AU1633 (703) 305-6838 REQ# 09173821 



TI ***tgf*** beta in epithelial proliferation and carcinogenesis 

(Meeting 

abstract) . 

SO Br J Cancer, (1994). Vol. 69, Suppl . 21, pp. 1. 

ISSN: 0007-0920. 
AU Moses H L 



L8 ANSWER 16 OF 78 SCISEARCH COPYRIGHT 1999 ISI (R) 

TI AN ACTIVATED ALLELE OF THE C- ***ERBB*** -2 ONCOGENE IMPAIRS KIDNEY 
AND 

LUNG-FUNCTION AND CAUSES EARLY DEATH OF * * TRANSGENIC*** 
***MICE*** 

SO JOURNAL OF CELL BIOLOGY, (JUL 1993) Vol. 122, No. 1, pp. 199-208. 

ISSN: 0021-9525. 
AU STOCKLIN E (Reprint) ; BOTTERI F; GRONER B 



TI/' Induction of a variety of ***tumors*** by c- ***erbB2***"\and 
[onal 

nature of lymphomas even with the mutated gene (Val659 Glu659) . 

SO EMBO' JOURNAL, (1990 Jan) 9 (1) 181-90. 

Journal code: EMB. ISSN: 0261-4189. 
,AU Suda Y; Aizawa S; Furuta Y; Yagi T; Ikawa Y; Saitoh K; Yamada Y; 
foshima 



THANKS »»>» Sumesh Kaushal CM1-12E03 AU1633 (703) 305-6838 »>»» 



l 



The EMBO Journal vol. 9 no.1 pp.181 - 190, 1990 



Induction of a variety of tumors by c-erbB2 and clonal 
nature of lymphomas even with the mutated gene 
(Vaiess - Glu 6 59) 



Yoko Suda, Shinichi Aizawa 1 , Yasuhlde 
Furuta 1 , Takeshi Yagi 1 , Yoji lkawa\ Kiyoshi 
Saitoh 2 , Yukinori Yamada 3 , Kumao 
Toyoshima 3 and Tadashi Yamamoto 3 

Laboratory of Molecular Regulation of Aging. Frontier Research 
Program and 'Laboratory of Molecular Oncology, T\ukuba Life 
Science Center. The Institute of Physical and Chemical Research 
(RIKEN).Koyadat. Tsulcuha. tbaraki-305, : Dcpartmcnt of Pathology. 
Institute of Basic Medical Sciences. University of Tsukuba. Tcnnoudai. 
Tsukuha. Iharaki-30S. ^Department of Oncology. The Institute of 
Medical Science. The University of Tokyo. Shimkancdai. Minato-ku. 
T*»k>r»- 108. Japan 

Communicated by M.Vaniv 

The c-erbBl gene Is expressed uniquely in fetal epithelium 
in vivo and has been suggested to contribute to the 
development and/or progression of adenocarcinomas in 
man. In order to assess the oncogenicity of the Q-€rbBl 
gene in vivo, normal Q-erbBl and mutant c*erbBZ 
encoding glutamic acid instead of valine at position 659 
within the transmembrane domain were introduced into 
mice under the transcriptional regulatory unit of mouse 
mammary tumor virus long terminal repeat (MMTV- 
LTR) or immunoglobulin enhancer -SV40 early gene 
promoter Ug/Tp). In transgenic mice with normal 
Q-erbBl under MMTV-LTR, not only adenocarcinomas 
but also a variety of tumors including B lymphomas were 
induced at relatively late onset. Induction of pre-B cell 
lymphomas with normal c-erbBl was also observed using 
the Ig/Tp regulatory unit within 6-10 months in some 
members of one transgenic family among seven ilies 
established. In contrast, with the mutant c-erbBl under 
the Ig/Tp regulator}' unit, the lymphoma was induced 
neonatally In all members of four transgenic families 
among ten lines obtained. However, the immunoglobulin 
heavy chain gene rearrangement pattern indicated that 
even with the mutant Q-erbBl the induced lymphomas 
were clonal. 

Key words: adenocarcinoma/c-( , rM?2/lymphoma//icM/ 
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Introduction 

The c-erbBl gene was originally identified as a homolog of 
the c-<?rM?/cpidcrmal growth factor (EGF) receptor gene. 
It encodes a 185 kd protein with tyrosine kinase activity 
which is supposed to function as a cell surface receptor of 
yet unknown externa! stimuli (Cousscns et al, 1985; King 
■etal. 1985: Scmba f/ «/. . 1985; Yamamoto et al . 1986; 
Akiyuma et al. . 1986; Stern and Kamps. 1988: Yarden and 
Weinberg. 1989). The gene is not expressed in hematopoietic 
cells but is uniquely expressed in fetal epithelium such as 
transitional cells of the renal pelvis and ureter, glandular cells 



of the gastrointestinal tract and stratified epithelium of the 
esophagus (Gullick et at., 1987; Kokai et al. 1987; Mori 
et al. . 1989). Thus, the gene product may play an important 
role in the growth and/or differentiation of fetal epithelial 
cells. 

The c-erbBl gene is frequently amplified and over- 
expressed in human adenocarcinomas, especially in breast 
and stomach cancers, but not in other tumors such as 
hematologic cancers, squamous cell carcinomas or sarcomas 
(Yokota et al, 1986, 1988; Van de Vijver et ai, 19S7 
Masuda et al. 1987; Ali et at. , 1988; Jucrin et al. 1988; 
Tal et al , 1988). Patients having breast cancers with Q-erbBl 
amplification frequently relapse in the short term, do not 
convalesce satisfactorily, progress rapidly and have 
accompanying mctastsis to the lymphoid organs (Slamon et 
al. 1987; Varlcy et al. 1987; Venter et al . 1987; Zhou 
et al, 1987; Bcrger et^tr, 1988). Since amplification of 
c-erbBl is more apparent in progressed tumors, a high level 
of c-erbBl expression may contribute more to tumor 
progression than to development. 

In a chemically transformed neuroblastoma cell line, a rat 
homolog of Q-erbBl (neu) is activated by a point mutation 
which results in a single amino acid substitution (valine to 
glutamic acid) in the transmembrane domain of the protein 
(Schcchter et al. 1984; Bargmann et al. I986a.b). 
Substitution of the corresponding amino acid in human 
Q-erbBl protein requires two mutations in the gene. The 
mutant neu gene, but not the normal neu gene, can transform 
NIH3T3 cells (Bargmann et al, 1986b). In contrast, the 
human Q-erbBl gene can transform the fibroblasts by over- 
expression (Di Fiore et al. 1987: Hudziak et al, 1987; and 
our unpublished data). The difference in the transforming 
ability of normal Q-erbBllneu between human and murine 
is unexplained. Nevertheless, these results suggest that 
c-erbBl has a part in the development and/or progression 
of malignancies. 

Transgenic mice present a useful system to assess the role 
of an oncogene in tumorigencsis of normal cells in \i\r>. With 
these mice it has been revealed that different oncogenes 
penetrate differentially into different types of cells (Stewart 
et al. 1984: Adams et al. 1985: Hanahan, 1985; Ornitz 
etal. 1985, 1987: Ledcrc/o/.. 1986; Andres etal. 1987; 
Mahon et al, 1987; Sinn et al. 1987; Suda et al. 1987. 
1988: Schoenberger etal. 1988). Abnormal expression of 
some trans-oncogenic genes was compatible with normal 
development and differentiation, while other oncogenic genes 
were suppressed in normal cells. In most cases, tumors 
developed stochastically and clonally. corroborating the 
multistep nature of tumorigencsis. On the other hand, the 
mutant neu oncogene was proposed to induce malignant 
transformation of mammary epithelial cells in a single step 
when introduced under the control of mouse mammary 
tumor virus (MMTV)-long terminal repeat (LTR) (Mullcr 
etal. 1988). 
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FIr. I. Schematic representation of the trans-c-<v*02 genes. Filled boxes represent c-crhB2 cDNA. erbBl[\) or the cDNA in which the amino acid 
change is artificially introduced position 659 from valine to glutamic acid rrMC(E). Hatched boxes indicate the termination .signal from the SV40 
early gene. Stippled boxes denote the regulatory unit, cither MMTV-LTR or the joint fragment between mouse immunoglobulin enhancer and SV4Q 
carty gene promoter (Ig/Tp). Relevant restriction cndonuclease sites arc indicated. C. Ctal: H. WiVidHI: Sm. Smal: D. Drah E. £«*R!: P. Pin II; 
Bm. BamHU Xb. Xhal: Sp. Sphl: Bg. flfr/I;.Sa. Sat]: Xm. Xtnal. 



In this study, we first examined whether c-erbB2, when 
expressed at an elevated level, is oncogenic to unique cell 
types /ft wto, by introducing normal c-erbBl into mice under 
the control of MMTV-LTR. A variety of tumors including 
adenocarcinomas developed after a relatively long latency; 
included among these were prc-B cell lymphomas. We then 
examined the role of c-erbBl in cell malignancy by 
generating mice harboring either normal or mutant c-erbBl 
under the control of immunoglobulin enhancer -SV40 
promoter. With normal c-erbBl, prc-B cell lymphomas 
developed at 6 — 1 1 months, while with the mutant c-erbBl 
they develolped within a few months after birth. The 
lymphomas induced were monoclonal, unlike the polyclonal 
appearance of mammary adenocarcinomas induced by the 
mutant neu (Muilcr et at., 1988). 

Results 

A variety of tumors with MMTV - erbB2{V) 

In order to examine the oncogenicity of c-erbBl in a variety 
of tissues, a hybrid DNA composed of the MMTV-LTR and 
a cDNA encoding the Q-erbBl protein (Figure I) was 
constructed and microinjected into mouse zygotes. MMTV- 
LTR has been reported to direct the expression of transgencs 
not only in the mammary gland but also in a variety of tissues 
in Wto (Lcder et a!.. 1986; Choi et at., 1987; Stewart et 
a!. , 1988). The hybrid gene is designated MMTV-cr*B2(V) 
and was confirmed to yield the correct transcript with 
glucocorticoid indue ibility in N1H3T3 cells in vitro (data not '. 
shown). 

In total. 205 zygotes obtained from the mating of F1(BL6 
x SJL) x F1(BL6 x SJL) mice were microinjected and 
transferred into the oviducts of pscudopregnant CD I females; 
25 pups were born, five of which (20%) harbored the intact 
MMTV-erMJ2(V) hybrid gene. One of these founder mice 
had insertions of the transgenc at two separate unlinked sites 
and yielded two transgenic lines. In all of these transgenic 
lines (Merbl -6), the transgene was passed to the offspring 
in a Mendel ian fashion. 

A variety of tumors was induced in three (Merbl -3) of 
the six transgenic lines established, and further examinations 



focused on these lines. Some of the transgenic mice 
collapsed, suggesting a disorder of the respiratory system. 
Autopsies and histological analyses revealed the development 
of adenocarcinomas of lung in these animals (Figure 2A). 
The tumors were usually mutlicentric with some foci 
growing diffusely and some having typical papillary 
architecture. Other mice developed exophthalmia, which was 
confirmed to be caused secondarily by adenocarcinomas 
and/or hypertrophy of Harderian glands (Figure 2B). In most 
of these mice the symptoms were observed bilaterally, and 
histological features were highly heterologous, being partly 
hyperplastic and partly cancerous. These features suggest 
that the abnormal proliferation of these cells might also have 
been polyclonal in origin. 

Although the occurrence of these adenocarcinomas of lung 
and Harderian gland was most common, lymphomas of T, 
B and non T, non B origin also developed in the Merb(V) 
lines. The most common type of T lymphoma was Thy 1 .2 
positive but CD4 and CD8 double negative (Figure 3) with 
T cell receptor gene rcarrangmcnt. and B lymphomas were 
either B220 single positive or B220 and (i double positive 
(Figure 3) with immunoglobulin heavy chain (Ig H ) gene 
rearrangement. Histologically, the lymphomas were 
homogeneous, being composed of small blastic cells (Figure 
2C and D), and the unique rcarrangmcnet pattern of T cell 
receptor or immunoglobulin heavy chain gene confirmed 
their clonal origin (data not shown). Non T, non B lymphoma 
cells, classified as such* by their B220 and Thy 1.2 negative 
nature (Figure 3) and germ line configuration of T cell 
receptor and immunoglobulin genes, were heterologous with 
large, oval- or spindle-shaped nuclei (Figure 2E). All these 
lymphomas had prominent mitotic figures and almost always 
infiltrated into non-Iymphuid tissues. In addition to these 
tumors, hepatoma (Figure 2F) and leiomyosarcoma of the 
uterus (Figure 2G) developed as a single nodule in Mcrb(V) 
lines of mice in low frequency. The incidence is given in 
the pedigree analysis on the best-characterized Merb(V)2 line 
(Figure 4). The om r . of tumors was relatively late and some 
mice were apparency healthy with no histological indication 
of lesions. Since no mammary adenocarcinomas developed 
in any of these transgenic mice, 1 2 females from Mcrb(V)l . 
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Fik* 2. Typical features of tumors induced with e-erbBl under the regulatory unit of MMTV-LTR. (A) Ademvarcinoma of the lung wiih medullary 
(arrows) and papiliary (arrowheads) parts: (B) well -differentiated adenocarcinoma of Harderian gland. Optic nerve and retina are indicated hy arrows: 
(C) T lymphoma cells with prominent nucleoli and with active mitotic figures:. (I» B cell, lymphoma with active vascularization ami mesenchymal 
traheeulac; (E) non B-non T lymphoma. Mitotic figures were abnormally high among cells uith oval- and/or spindle-shaped nuclei: (K) a large 
nodule of hepatoma juxiaposcd to normal henatoeytc: ((•) leioriiyosarcoma of the uterus. Small tumor cells were actively inliltrating into smooth 
muscle tissues. 

2 and 3 lineages of various generations, which were triparons Adenocarcinomas of lung and Harderian glands and 

or more were sacrificed 2 months after their last pregnancy. lymphomas of T and B cell origin arc not common in 
No abnormality was observed in their mammary glands. laboratory mice and have never developed in our 65 agc- 
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Fir. 3. Cell lineage analysis of lymphomas by flow cytofluorometry. Typical examples arc shown: (A, B), T cell lymphoma developed in 
Mcrb(V)2-l5 mouse; <C\ D), pre-B lymphomas developed in IcrtXEH-l mouse; (E). B cell lymphomas developed in Mcrh(V)2-l6 mouse showing 
staining pattern against Thy 1. 2 with panel (C): (F). nnn B-mm T lymphomas developed in McrNV)2-9 mouse; ((J), unusual lymphomas 
«ed in IerNEM-3 mouse showing similar staining against CD4 and CDS with panel (B); (II). unusual lymphomas developed in lcrWV)I-33 
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Fir. 4. TuiiKtr incidence in Mcrb(V)2 lineage of mice. The tumor incidence is given for FO Fl and F2 transgenic mice or McrbfV)2 lineage. 
Females arc indicated by -irclcs. males by squares. Only hemizygous transgenic mice obtained arc shown with half-solid symbols. The outer circles 
denote tumor dcvclnpmcnrs with the age ai death (M. month after birth). The current age of apparently normal transgenic mice is given in each fitter 
with the prefix CA. Lu.Ad.. lung adenocarcinoma; H.Ad.. Harderian gland adenocarcinoma; B.Ly.. B lymphoma; pB.Ly.. pre-B lymphoma: T.Ly.. 
T lymphoma; N.Ly.. no.i B-non T lymphoma; 7Ly. lymphoma of which cell surface properties could not be examined; L.S.. leiomyosarcoma of 
uterus; He. hepatoma', S.N.. sacrificed and normal. 



matched non-transgenic control mice of the same genetic 
background. 

Clonal pre-B cell lymphomas with Ig/Tp - erbB2(V) 
To further dissect the process of malignant transformation 
by the Q-erbBl gene, wc planned to concentrate our study 
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on the analysis of a specific tumor, B lymphoma, by 
introducing the c-crb&l cDNA into mice under the 
regulatory unit of immunoglobulin enhancer and SV40 early 
gene promoter (Ig/Tp) (Figure I); clonality of tumors can 
be determined by rearrangement of the immunoglobulin gene 
in this type of tumor. It has been confirmed using the 
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Fig. ?. Typical tciitiirvv of tumors induced wilh c-itWC under the regulatory unit of Ip enhancer - SV40 early gene promoter. (A) Heterotypic prc-B 
lymphoma cells with heterotypical nuclei and with prominent mitotic figures, induced by the normal wrffRZ: (B) monotonous, immature prc-B 
lymphoma cells, induced by the mutant cfrhK: (Ci pi-ureas with the massive infiltration of lymphomas, induced hy the mutant c-rrWC (as. 
pancreatic acinar cells): (I)) moderately enlarged, but normal spleen in a pre-B lyniphoma-hcaring mouse with the mutant c-rrhB2. Erythrobtasts and 
megakaryocytes were prominent, indicating active hemopoiesis, wilh minimum tumorous lymphomas: (El medullary-tubular ademvarcinoma of 
mamniaiy gland with secrcMry ducts and secretion (arrows), developed in an offspring of li>rMK>l() founder. 



chloramphenicol acetyl transferase (CAT) gene (our 
unpublished result) and the SV40 large T gene (Suda et at. . 
1987) as a marker gene in transgenic mice that this regulatory 
unit has strong transcriptional activity in lymphoid cells with 
some activity in heterologous cell types. 

Norma! c~vii>B2 cDNA was combined with this regulatory 
unit, yielding the hy'orid gene Ig/Tp-<v/>fl2(V) (Figure 1 ). 
and eight transgenic mice were obtained out of 32 pups born 
(25%). One of »hcsc founder was infertile, but sevea. 
(Icrb(V)l -7) yielded offspring and were established as lines 
harboring the intact DNA. Among these. Icrb(V)l developed 
lymphomas at 10 months of age. while others remained 
healthy during the observation period of 15 months. All the 
lymph nodes of the Icrb(V)l mouse swelled massively, and 



infiltration to the liver and lung was apparent macroscopic- 
ally. The spleen was also greatly cnlar^;-.! (!.3 g). Large 
celts with pale nuclei were peculiar among a variety of size 
of cells histologically having heterotypic nuclei (Figure 5A). 
The lymphoma cells showed prominent mitotic figures, 
actively infiltrated the liver, lung and other tissues, and were 
transplantable in nude mice. The cells were B220 positive 
and p. Thy 1.2 ncgaiiverand showed a unique Ig H gene 
rearrangmcnt pattern (Figucr 6) consistent with clonal prc- 
B cell lymphomas. In Fl transgenic offspring of Icrb(V)l 
mouse, three out of 16 developed lymphomas by 1 1 months 
of age (Figure 7). Two of these three lymphomas were also 
prc-B in nature, but one showed unusual characteristics: the 
lymphoma cells were a composite of B220 and Thy 1.2 
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ITr. 6. Clonal nature of pre-B cell lymphoma*. induced by Ig/Tp- 
rrfeff2(V> and Ig/Tp-r rfrKi E). Autoradiograms of restriction fragments 
of DNAs from lymphomas. DNAs of the tumorous lymph nodes from 
the mice indicated were digested with EcoRl and hybridized to a 450 
bp Himl\\\-Nac\ fragment containing IV. sequences (Sakano ct «/., 
I980K The position of the fragment containing the germ-line allele of 
the immunoglobulin heavy chain gene is indicated by an arrow on the 
autoradiogram of the liver of a control mouse. 



double positive cells, double negative cells, B220 single 
positive cells and Thy 1 .2 single positive cells (Figure 3) with 
unique Ig H gene rearrangement. The phenotypc was 
retained in the transplanted tumors. 

Neonatal onset of dona! pre-B cet! lymphomas with 
the mutant c-erbBZ 

Possible increase in the oncogenicity of the c-erbBl gene 
by a mutation that alters the 659th amino acid in the 
transmembrane region from valine to glutamic acid was 
examined using the regulatory unit of immnoglobulin 
enhancer and SV40 promoter; the transgenc was designated 
Ig/Tp-evM?2(E) (Figure I). Ten transgenic mice harboring 
the intact transgene were obtained (Icrb(E)l - 10) out of \Z 
pups born (10%). The frequency was somewhat lower (mice 
dying within a few days after delivery were not examined 
nor included in the number born in the present study). Four 
founders (Ierb(E) I -4) died of lymphomas within 2 months 
after birth. Because of neonatal onset of the lymphomas, nu 
offspring could be obtained from Icrb(E)3 and lcrb(E)4 
founders, but we were able to obtain eight and two iiansgcnic 
offsprings from Ierb(E)l and Icrb(E)2 founders, respectively, 
by in vitro fertilization. All the Fl offspring also developed 
lymphomas by 2.5 months. In these mice, all of the lymph 
nodes swelled massively with only moderate enlargement 
of the spleen (up to 0,3 g). Histological features showed a 
uniform population of small blastic cells with round nuclei 
and poor cytoplasm (Figure 5B). The blastic cells were 
actively infiltrating the pancreas (Figure 5C) and lung. A 
minimum number of malignant cells was present in the 
spleen, though they wore moderately enlarged; histological 
features indicated active hematogencsis (Figure 5D). Seven 
out of the nine lymphomas examined were prc-B cell type 
as identified by cell surface markers (B220 positive, m and 
Thy] .2 negative) (Figure 3). but two had unusual character- 
istics: B220 and Thy 1 . 2 double positive and CD4 and CD8 
double negative (Figure 3) with Ig H gene rearrangement. 
A!' the lymphomas examined (five cases) were transplan- 
table in nude mice and were thus malignant. 




aqe In weeka 

KIr. 7. Kinetics of lymphoma development. Comparison of the 
incidence of lymphoma formation between mice carrying cither the 
lg/Tp V> (▲) or the Ig/Tp-i-^fl2(E> (•). The kinetics arc 
given on HO and Fl mice of lcrb(V)l for the former and of 
lertxEH -4 for the latter. 

The rapid and uniform nature of kinetics by which the 
lymphomas developed in these lineages is shown in Figure 
7. where the percentage of lymphoma-frec mice is plotted 
as a function of age. Analyses of the Ig H locus rearrange- 
ment pattern, however, showed distinctive fragments bearing 
a heavy -chain joining region (J H ) in cquimolar yield (Figure 
6). Polyclonal lymphomas should give smear bands because 
of random recombination. The result is precisely as expected 
for clonal lymphoid cells that have undergone diversity - 
joining region (DJ) or variable — diversity —joining region 
(VDJ) recombination at one or both Ig H alleles, suggesting 
some additional events were necessary for the malignant 
transformation of the lymphoid ceils. 

The six founders, Icrb(E)5- 10 had remained healthy and 
had no sign of disease when autopsicd at 10 months old. 
Some offspring of the Icrb(E)IO founder, however, 
developed transplantable adenocarcinomas of the mammary 
gland (Figure 5E) and prc-B lymphomas; the incidence is 
under the examination, but is <5%. All the mice of 
Icrb(E)l -4 lineages with prc-B cell lymphomas had 
abnormal bone formation. This phenotype could be separated 
from the lymphoma-pronc phenotypc in transgenic mice 
generated from the lcrb(E)5-9 founders; these results will 
be reported elsewhere. 

Expressions of trans-c-erbB2 genes and tumor 
developments 

Figure 8 shows the Western blot analysis of the c-erbBl 
expression in tissues of Icrb(E)l mouse. Since little 
expression of the endogenous c-crhBl product has been 
detected in various tissues of non-transgenic control mice 
(data not .shown; cf. Mori et a/., 1989 and Figure 8B), the 
c-erbBl expression in transgenic mice is most probably due 
to the trans-c-rr6ff2 gene. The gene was expressed 
intensively in neoplastic lymph nodes and the lymphomas 
transplanted in nude mice. It was also expressed intensively 
in the pancreas, possibly due to the enormous infiltration 
of neoplastic lymphoid cells in this tissue (Figure 5C). 
Similarly, the lung showed a moderate Q-erhBl expression 
with a significant infiltration of the neoplastic cells. Although 
the spleen enlarged moderately, neoplastic cells were 
minimal, and active hematogencsis was suggested histo- 
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H(l. 8, Western blot analysis or trans-e-rrME expression. Extracts fn>m each (issue of (A» tymphoma-hcaring IcrixEH mouse. (B) apparently 
normal, precancerous lcrrxEH-7 mouse and (O lymphoma -hearing lerb(V)l nhHisc were subjected to Western analysis. The Q-crbffl expression in 
MKN7 cells served as control. 



logically (Figure 5D). This coincided well with the low 
expression of c-erbBl in this tissue. In tissues which had 
no infiltration of lymphoma cells, no c-erbBl expression 
could* be detected. To confirm the correlation of c-erbBl 
expression with tumor development, an Fl offspring of 
Icrb(E)l, which was destined to develop the lymphoma as 
noted above (Figure 7) but had no sign of the disease yet, 
was killed at the age of 3 weeks in advance of lymphoma 
development. No expression could be detected in any tissues 
including lymphoid organs by cither northern (data not 
shown) or Western blot analysis (Figure 8B). The same result 
was confirmed with two F2 offspring of the Ierb(E)l founder 
5 days after birth. 

The c-erbBl protein was also expressed in tumorous 
tissues of Mcrb(V)2 and Ierb(V)l mice. The level of the 
c-erbBl expression in lymphomas induced by the normal 
Ig/Tp -prfrC2(V) was roughly the same as that in lymphomas 
induced by the mutant Ig/Tp -<»r/>S2(E) when compared, 
using the expression in MKN7 cells as a standard (Figure 
8C). However, the level of the c-erbBl protein in tumors 
induced by MMTV-<*r/>B2(V) was less extensive (data not 
shown), which may coincide with the relatively late onset 
of the tumors in mice of the Mcrb(V) scries. The normal 
c-erbBl gene was also not expressed in any normal tissues 
of young mice of the Icrb(V) or Mcrb(V) scries which had 
no sign of disease. 

N1H3T3 was not transformed wirh DNAs from 
lymphomas Induced by c-arbB2 
Strong oncogenicity of the mutant c-erbB?. gene and 
relatively late and stochastic onset of the lymphomas with 
the normal c-erbBl gene may give rise to the question of 
whether the lymphomas arc induced by the latter via 
mutational activation. As noted earlier, two mutations are 
necessary for the amino acid change at position 659 from 
valine to glutamic acid, and this activation would be quite 
a rare event. The possibility remains, however, that there 
arc activational mutalions at unknown sites. To examine this 
possibility. DNAs of the lymphomas induced with the normal 
c-erbBl gene were transfected into NIH3T3 cells. However, 
no transformed focus containing transforming c-erbBl was 
obtained, while DNAs of the lymphomas induced with the 
mutant c-erbBl yielded numerous foci (data not shown). 

Discussion 

The behavior of the normal and the mutant alleles of the 
c-erbBl oncogene in transgenic mice provides insight into 



the process of the malignant transformation induced by this 
gene. The present results strongly suggest that the normal 
c-erbBl gene is oncogenic in normal cells in vivo when 
expressed at high levels, consistent with results using 
NIH3T3 cells in vitro (Di Fiorc et a/., 1987; Hudziak et 
til. , 1987). The tumor induction was observed not only with 
MMTV-LTR. but also with the regulatory unit composed 
of immunoglobulin enhancer and SV40 early gene promoter. 
The possibility that tumor induction with normal c-erbBl 
occurred via mutational activation is less likely because two 
nucleotide mutations are necessary for the amino acid change 
at position 659, and no active c-erbBl gene could be 
recovered from the tumors by NIH3T3 transfection assay. 

Unexpectedly, adenocarcinomas were not induced in the 
mammary gland of any transgenic lines harboring normal 
c-erbBl under the control of MMTV-LTR, while the 
transforming allele of the c-neu did reportedly cause such 
induction (Mullcr et at. , 1988) and the mutant c-erbBl did, 
even under the control of Ig/Tp in some offspring of the 
Icrb(E)IO founder. Since the c-erbBl gene was expressed 
only in tumor tissues and not in any normal tissues including 
mammary glands, it is uncertain whether or not the normal 
c-erbBl products arc oncogenic in the epithelial cells of the 
breast. It is always possible that accidental changes in 
MMTV-LTR during construction may result in loss of the 
capability to direct efficient expression in the mammary 
gland. However, under control of MMTV-LTR. SV40 large 
T gene is reported to induce adenocarcinomas frequently in 
lung and kidney, but rarely in mammary gland (Choi et at. . 
1987). In any event, the most frequent type of tumor induced 
by normal c-erbBl under MMTV-LTR was the adeno- 
carcinoma, which is consistent with the idea that this gene 
<.: ntributcs to the development and/or progression of 
xrarcinomas (Yokota et at. , 1986, 1988; Masuda et at. , 
T ; Van dc Vijver et at., 1987; Ali et at.. 1988; Juerin 
et al. . 1988; Tat et at., 1988). In addition, lymphomas of 
a variety of cell types were also induced by MMTV- 
crbBl{\). This is not surprising since MMTV-LTR 
reportedly directed the expression of transgencs in lymphoid 
tissues (Ledcr et al. , 1986; Choi et al. , 1987, 1988; Stewart 
et al., 1988). The induction of prc-B cell lymphomas with 
the normal c-erbBl gene was also confirmed by the Ig/Tp 
regulatory unit which has strong transcriptional activity in 
B lineage of cells. Although the c-erbBl gene is naturally 
dormant in lymphoid cells (Gutlick et at., 1987; Kokai et 
at.. 1987; Mori et al., 1989). and its contribution to 
lymphomas has not yet been suggested in human cancer 
(Yokota et at.. 1986. 1988; Masuda et at., 1987; Van de 
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Vijvcr et at., 1987; Ali et al., 1988; Jucrin et at.. 1988; 
Tal et at., 1988). our present data suggested that c-erbB2 
products were oncogenic not only in epithelial cells, but also 
in lymphoid and a variety of other eel's. 

Some of the lymphomas induced by the Ig/Tp regulatory 
unit had unusual characteristics such as B220 and Thy 1 .2 
double positive or a mixture of cells with heterogeneous cell 
surface properties, with unique Ig H gene rearrangement. 
Such lymphomas may be explained as tumor- induced 
'lineage infidelity* (McCulloch, 1983) or as multiphenotypic 
cells derived from rare normal cells (Greaves et al. , 1986). 
Characterization of these lymphomas is subject to further 
examination. 

The kinetics of lymphoma induction with normal c-erb&2 
is similar to our previous experience with transgenic lines 
bearing Ig/Tp-m.vc (Suda et at., 1987); the lymphoma 
developed only in certain transgenic offspring with variable 
onset, while others remained normal for > 1 year. The 
stochastic occurrence of clonal tumors after a long latency 
period is reminiscent of transgenic mouse lines carrying other 
oncogenes such as myc t ras, fas, //if- 1 and pirn- 1 under 
various regulatory units (Stewart et at. . 1984; Adams et al. , 
1985; Ledcr et al.. 1986; Andres et al., 1987; Ruthcr et 
at., 1987; Schocnenbcrgcr etai. 1988; Tsukamoto et al.. 
1988; Lohuizen et al.. 1989). and corroborates the notion 
that some additional events arc necessary to induce tumors 
with these genes. In contrast, the lymphomas were induced 
with the mutant c-erhBl in rapid and uniform kinetics similar 
to lung adenocarcinomas induced by the active c-Ha-m.v 
under the same !g/Tp regulatory unit (Suda et al. . 1987) and 
to mammary gland adenocarcinomas induced by the active 
neu with MMTV-LTR (Mullcr et al. . 1988). Histologically, 
the mammary adenocarcinomas induced by the active neu 
seemed to arise from the entire mammary gland epithelium, 
and lung adenocarcinomas induced by the active ras were 
multicentric but did not arise from all lung epithelial cells. 
Some question remains of their poly clonal ity since no genetic 
or biochemical marker exists in these types of cells. 
However, pre-B cell lymphomas induced by the n.utant 
Q-erbBl were monoclonal judging by immunoglobulin heavy 
chain rearrangement. Apparently mutant c~erbB2 required 
additional events to accomplish malignant transformation of 
the lymphoid cells. There is a possibility that the Ha-MuSV- 
dc rived 600 bp sequences present in Mullcr et al. 's construct 
(EUketat., 1980; Huang etal.. 1981; Mullcr et al. . 1988) 
have some relevance in mammary tumor development (Gruss 
et at., 1981). It is also possible that the c-erbB2fneu gene 
penetrates differentially into mammary epithelial and 
lymphoid cells. Recently. Bouchard et al. (1989) reported 
stochastic induction of mammary tumors by activated neu 
with MMTV-LTR. 

We previously observed that under the same Ig/Tp 
regulatory unit myc and rrw genes were expressed extensively 
not only in tumor tissues, but also in normal tissues, and 
their expressions were compatible with normal differentia- 
tion of embryonic stem cells in vivo (Suda et al.. 1987. 
1988). Similar conclusions were reported by many groups 
under various transcriptional regulatory units (Ledcr et at. . 
1986; Andres et al. . 1987: Ruthcr et at. , 1987: Sinn et al. . 
1987; Schocnenbcrgcr et at., 1988; Tsukamoto et at. , 1988; 
Lohuizen et al., 1989). The pattern of v-erbB2 (not only 
normal but also mutant c-erbBl) expression is in sharp 
contrast to this; the gene was expressed intensively in tumor 



tissues and not in normal tissues, though the possibility of 
an undetectable low level expression in normal cells cannot 
be ruled out. Nevertheless, the level of its expression in 
tumor cells was comparable with that in MKN7 cells in 
which the c-erbB2 gene is amplified and over-expressed 
(Fukushige et at.. 1986). We observed a similar situation 
with the SV40 T gene under the same WTp regulatory unit, 
as did Ornitz et at., under clastasc I regulatory unit (Suda 
et al.. 1987. 1988; Ornitz et al.. 1985, 1987). In mice 
harboring the active neu with MMTV-LTR (Mullcr et al. , 
1988). the neu gene is also likely to be suppressed throughout 
the course of development and differentiation, and an 
increase in its expression beyond the threshold would be 
necessary to induce the transformation, judging from Mullcr 
et at. "s observation of their TG.NK line of transgenic mice. 
Thus, the active c-erbB2fnen is in contrast to the active ras 
with which modest amounts of the products arc sufficient 
for transformation in conjunction with unknown secondary 
events (Quaifc et at.. 1987; Suda etal.. 1987). Dcsupprcs- 
sion or induction of enhanced expression of the active neu 
under MMTV-LTR seemed to occur in all mammary 
epithelial cells following sexual maturation, possibly through 
a hormonal effect, but that of Q-erfyBl under Ig/Tp regulatory 
unit occurred in only a few lymphoid cells. Whatever the 
mechanism regulating expression of these transgencs 
differentially in vivo, the observation with c~erl?B2 is 
consistent with the idea that tumor induction with this gene 
is accompanied by a high level of its expression. 

The secondary cvcnt(s) necessary to induce lymphoid 
tumors wth active c-erbB2 might thus simply be the gene's 
expression beyond the threshold. This may occur at the same 
frequency as the normal c-i'rA£2-lransgcne. No difference 
exists between these transgencs except two nucleotide 
changes. The necessity of additional event with the normal 
c-ert>B2 may explain the stochastic occurrence and later onset 
of the lymphomas. However, though preliminarily, a unique 
chromosomal change commonly observed in prc-B cell 
lymphomas induced with myc (M.Oshimura. Y.Suda and 
S.Aizawa, to be published), was observed in some 
lymphomas induced with the mutant erbBl. Thus, whether 
or not a high level of expression of the mutant c-erbBl is 
alone adequate for malignant trans format ion of prc-B cells 
requires further examination. 

Materials and methods 

Construction of hybrid genes 

A plasmid containing the full-iertgth rri>B-2 cDNA was constructed by 
rccombining the two cDNA clones pCKR204 and pcER235 (Yamamolo 
ft tit. . I9K6). The resulting plasmid pCERSH22 was ihen partially cleaved 
by SnuA and Dm], and ligated with ////wJHI linker. The fragment was replaced 
with the dhfr gene in pSV2 (Lee ct at.. 1981). yielding pSV2rr/>fl2(V). 
In order In construct the pMMTV-rrMC(V) recombinant, the pMDSG 
plasmid (Ringotd et at.. I98U which contains MMTV-LTR was partially 
digested with ///mllll and Pntl. Then, the fragment containing the MMTV- 
LTR sequences was replaced with the corresponding sequences of 
pSV2**rfifl-2(V> alter partial ///mllll and Pml digestion. In order to construct 
ihe plg/Tp-<7W?2(V) and plg/TrwrMClfil recombinants, the plasmid plg/Tp- 
tuo was first obtained by ligating the Aa\ - ////id III fragmcnl of the plasmid 
plg/TpT containing immunoglobulin enhancer and SV40 promoter (Suda 
*■/ «/.. I»KS) with Ihe ///mllll -.-In I fragment of the plasmid pSV2w« 
(Southern and Berg. 1*>82>. The plasmid pIg/Tp-/Kf» was then cleaved with 
///mllll and .S>n«l to remove t m , f»-de rived sequences and was tigated with 
///mllll linker. The fragmcnl w as ligated w ith //Mill fragment of the plasmid 
pSV2« -rttffH V) or the plasmid pSV2crf>#2(E) containing the normal cwrWO 
cDNA or the mutant e-rrWC cONA respectively. IXtails of the construction 



188 



Induction of tumors fay c-erbB2 



of pSV2frf>fi2<V> and pSV2rrf»K(E) will he reported elsewhere (Y. Yamada. 
K.Toyoshima and T.Yamamoto, 10 be published). 

Production of transgenic mice 

pMMTV-<vW?2(V) was digested wth Cfal and Pwl. and plg/Tp-*rW?2(V) 
and plg/Tp-rrfj/*2(E) with Sail and Xmn\. The fragments were separated 
by clectrophonsis in I % agarose get, sotubilizcd with Nal solution, adsorbed 
to a glass powder, soluhilizcd and diluted with an injection buffer ( 10 mM 
Tris-HCI pH 7.4. 0.25 mM EDTA) to a final concentration of I -2 pg/iri. 
Fertilized eggs were obtained from supcrovulating Fl females (4-5 weeks) 
by mating with Fl males. The Fl mice were prepared by crosses between 
C57Bi/6 females (Shizuoka Farms) and SJL males (Jackson Lab.). The DNA 
solution was injected into the male pronucleus as previously described (Suda 
et at. , 1987). Following microinjections, the eggs were kept for 2 h at 37°C 
in MI6 medium and viable eggs identified by gross morphology were 
transferred to the oviducts of pscudoprcghanl CD-I mice (Charles River. 
Japan). 

Identification of transgenic mice 

High mol. wt DNAs extracted from - I cm tail sections of newborn mice 
were digested with EcoM and the digests were clectrophorcsed on I % 
agarose gels. The fractioncd DNAs were then transferred to nitrocellulose 
paper (Southern. 1975). Presence of the transgencs was probed by hybridizing 
the fitter* with the c-erb&l cDNA radiolabeled with | ,; P|dCTP by nick 
translation as previously described (Suda ct ah* 1987). 

RNA analyses 

Ti*al RNAs were extracted from tivsucs by the guankiinc thiocyanatc method 
(Chirgwtn et at., 1979) in conjunction with ultraccntrifugation through a 
cesium chloride cushion (Glisin et at. . 1974). The RNAs were dissolved 
in 0.2 M Na-acctate and precipitated with cthanol. Pply(A)* RNAs were 
isolated from total RNAs on an oligotdT) cellulose column and clectro- 
phorcsed on a I % agarose - formaldehyde gel. The fractionated RNAs were 
transferred to nitrocellulose filters (Thomas, 1980). The filters were then 
hybridized with the "P-labclcd c-rrhBl cDNA probes in 50% formamidc, 
10 x Dcnhardt's. 0.05 M sodium phosphate (pH 6.5) and 5 x SSC at 
42°C for 15 h. After hybridization, the filters were washed in 0.2 x SSC. 
0.1 If SDS at 50"C for 2 h. 

Western blotting 

Tissues were homogenized in RIPA buffer (50 mM Tris-HCI pH 7.4. 1 % 
NP-40. 0.1% sodium dcoxycholatc. 150 mM NaCl. I mM phcnylmcthyl 
sulfonyt fluoride, 2 mM aprotinin) at 4°C and the homogenates were 
centrifuged for 1 h at 30 000 r.p.m. The soluble extracts ( 100 fig total protein) 
were subjected to 7.5% SDS -PAGE and then elect rophorctically transferred 
to a nitrocellulose filter. The nitrocellulose paper was blocked in TBS 
(lOOmM Tris. 1.5 M NaCl) containing 2% skimmed milk overnight, 
followed by incubation in a buffer composed of 0.05% Twcci. "•O. 2% 
skimmed milk. TBS containing a 1: 1000 dilution of anu<-erbB2 ''onal 
antibody for 1 h at 4°C. The filter was washed with TBS and w^ . ctcd 
with alkaline phosphatascconjugated anti-rabbit IgG. It was then extensively 
washed with 0.05% Twecn 20 in TBS. dried and developed with AP buffer 
(lOOmM Tris pH 9.5. 100 mM NaCl. 5 mM MgCI ; ) containing the 
substrates, nitrobluc tctrazolium and 5-brm.io-4-chtoro-?-indoyl phosphate. 

Histologic analyses 

Complete autopsies were performed whenever possiltie and organs were 
examined both grossly and histologically. For the latter, tissues were fixed 
with 4% formntiWiydc in PBS and fixed tissues were embedded in paraffin. 
The paraffin blocks were sectioned at 4 pm thickness and the sections 
routincty stained with hematoxylin and eosin. 

Cell lineage analyses of lymphoid tumors 

Tumorous tissues were finely minced and dispersed in PBS containing 10% 
scrum by rubbing with two pieces of ground slide glass. Singly dispersed 
cells were collected by passing them through 100 um mesh. The cells were 
stained on ice for 20 min with antibodies for surface markers of each subset 
of lymphoid cells in SM solution (4% fetal calf scrum. 0.1% NaN, and 
1 |tg/ml propidium iodide in PBS). Staining with rabbit anti-mouse Thy 1 .2 
antibody, rabbit anti-mouse /i antibody, rabbit anti-mouse Macl antibody 
and rabbit anti-mouse CD8 antibody was performed directly with fluorescent 
isothiocyanatc (FlTO-labctcd antibody. The staining with rabbit anti-mouse 
B220 antibody, rabbit anti-mouse AA4 antibody and rabbit anli-rmnisc CD4 
antibody was performed with biotinylated antibody and phycocrythrin-labclcd 
avidin. Stained celts were anlayzcd flow cytop.joromctrically with a FACS 
IV (Bccton Dickinson & Co.). Intact cells were demarcated from dead cells 
and debris using forward and sideways light scatter. Five thousand particles 
wen: analyzed for single color fluorescence as noted (Nakauchi et at. . 1987). 



In vivo transplantation of tumors 

Non-tympnoid tumors chopped into «mall pieces were grafted and passaged 
under the skin of numu mice. Lymphoid tumors were singly dispersed in 
PBS containing 10% serum by nibbing chopped pieces with two pieces of 
ground slide glass. The dispersed cells were transplanted and passaged in 
the abdominal cavity and/or under the skin of mi/nu mice. The mice v/ere 
purchased from Charles River Japan (CDI-nu). 

NIH3T3 transfection assay 

High mol. wt DNAs prepared from tumor tissues were sheared once through 
a 20 gauge needle. Aliquot": of shared DNAs were ethanol-precipitated and 
resuspended in 2.5 ml of transfection buffer (0.7 mM Na 2 HP0 4 -7H 2 0, 
21 mM HEPES. 0. 145 M NaCl (pH 7.0)]. Transfection to NIH3T3 cells 
was performed by the calcium phosphate precipitation technique of Graham 
and van dcr Eb (1973). as modified by Anderson et at. ( 1979). One hundred 
and twenty five u\ of 2,5 M CaCU was added to the above solution and 
mixed immediately by vonexing. As soon as fine bluish precipitates were 
apparent. 1 .25 ml of the solution was applied onto 7 x I0 5 NIH3T3 cells 
in 10 ml of Dulbccco's modified Eagle's medium containing 10% calf serum. 
The calcium phosphate -DNA precipitates were removed 4 h after the initial 
application by ptacing in a fresh culture medium. The medium was chang- 
ed twice a week and the transformed colonies were identified after 14-21 
days of culture. 
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